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Abstract
Objective—To determine whether ratings of coronary angiography appropriateness derived by
an expert panel on hypothetical patients are associated with actual angiographic findings,
mortality, and subsequent revascularisation in the ACRE (appropriateness of coronary revascu-
larisation) study.
Design—Population based, prospective study. The ACRE expert panel rated hypothetical clini-
cal indications as inappropriate, uncertain, or appropriate before recruitment of a cohort of real
patients.
Setting—Royal Hospitals Trust, London, UK.
Participants—3631 consecutive patients undergoing coronary angiography (no exclusion crite-
ria).
Main outcome measures—Angiographic findings, mortality (n = 226 deaths), and revasculari-
sation (n = 1556 procedures) over 2.5 years of follow up.
Results—The indications for coronary angiography were rated appropriate in 2253 (62%)
patients. 166 (5%) coronary angiograms were performed for indications rated inappropriate,
largely for asymptomatic or atypical chest pain presentations. The remaining 1212 (33%) angio-
grams were rated uncertain, of which 47% were in patients with mild angina and no exercise
ECG or in patients with unstable angina controlled by inpatient management. Three vessel dis-
ease was more likely among appropriate cases and normal coronaries were more likely among
inappropriate cases (p < 0.001). Mortality and revascularisation rates were highest among
patients with an appropriate indication, intermediate in those with an uncertain indication, and
lowest in the inappropriate group (log rank p = 0.018 and p < 0.0001, respectively).
Conclusion—The ACRE ratings of appropriateness for angiography predicted angiographic
findings, mortality, and revascularisation rates. These findings support the clinical usefulness of
expert panel methods in defining criteria for performing coronary angiography.
(Heart 2001;85:672–679)
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The management of suspected coronary artery
disease (CAD) poses a central question: in
which patients should coronary angiography be
performed? Angiography is the most frequently
performed procedure among people older than
65 years1 and the rate of angiography is
predicted to continue to increase in Europe
and the USA.2 3 However, despite the growing
number of randomised trials of invasive
management of CAD,4 considerable uncer-
tainty remains about the appropriate indica-
tions for coronary angiography. Many of the
latest3 recommendations for the use of coron-
ary angiography are based on non-randomised
studies or on unquantified expert consensus.

Quantification of the appropriateness of
angiography using expert panels allows each
patient’s indication to be rated as appropriate,
uncertain, or inappropriate, by using evidence
integrated from randomised and observational
studies as well as clinical opinion.5 Angio-
graphy is defined as appropriate for a specific
indication when the expected health benefit

(for example, from subsequent revascularisa-
tion) exceeds the expected negative conse-
quences by a suYciently wide margin to make
it worth doing. The appropriateness method
aims to provide a tool to investigate and
improve the quality of patient care by identify-
ing over and underuse.

However, the clinical relevance of the appro-
priateness method has not been adequately
tested: a clinician needs to know whether
appropriateness ratings risk stratify patients.
Thus, if ratings of appropriateness have clinical
validity, they should predict the presence and
severity of CAD and, in the presence of CAD,
subsequent revascularisation rates. Ratings
should also predict survival. Previous appropri-
ateness studies6–15 were all retrospective and
tended to lack such clinically relevant meas-
ures. Furthermore, they predated the wide-
spread use of coronary stenting and the trials of
catheter based interventions and found widely
diVering rates of inappropriate use of coronary
angiography (2%9 to 21%7).
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The aim of this report therefore was to
determine whether ratings of coronary angio-
graphy appropriateness derived by expert panel
on hypothetical patients are associated with
actual angiographic findings and over a 2.5
year follow up with mortality and subsequent
revascularisation in the ACRE (appropriate-
ness of coronary revascularisation) study.16

Methods
The overall design of the ACRE study is shown
in fig 1.

APPROPRIATENESS RATINGS ON HYPOTHETICAL

PATIENTS

The ACRE appropriateness ratings for coron-
ary angiography were determined in 1995
before recruitment of the cohort and their
validity and reliability have been reported.17

Using a technique developed by the RAND
corporation in the USA,7 a nine member expert
panel (four cardiologists, three cardiothoracic
surgeons, a general physician, and a general
practitioner) rated 2178 mutually exclusive
indications for coronary angiography. A spe-
cific indication is defined by logical combina-
tions of clinical presentation, test results, and
current treatment. Median scores ranged from
1–9, with 1–3 being inappropriate, 4–6 uncer-
tain, and 7–9 appropriate. Angiography was
“inappropriate” when risks exceeded benefits
and “uncertain” when benefits and risks
approximated equality or when the expert
panel was divided in its judgement. A particu-
lar indication was defined to be homogeneous,
in that performing the procedure would be
equally appropriate (or inappropriate) for all of
them. The panel’s rating of appropriateness
was assigned by computer to each specific
indication.

COHORT OF REAL PATIENTS

Patients were eligible for inclusion in the
ACRE study if they underwent emergency or
elective coronary angiography at the Royal
Hospitals Trust, London between 15 April
1996 and 14 April 1997 and they lived within
an area defined by five contiguous health
authorities. There were no exclusion criteria
and 4121 patients were identified. The resident

population of the health authorities was 2.833
million (procedure rate 1700 per million) and
89% of the angiographies performed on their
residents were done at this centre. Ethical
approval for the study from the five local
research ethics committees and written in-
formed patient consent were obtained.

CLINICAL RECORD DATA

On the day of their index coronary angio-
graphy, eligible patients were identified by
examination of ward admission and catheter
laboratory log books. Data were extracted from
case notes by trained nurses using standardised
recording forms. Details were obtained on
clinical presentation (RAND definitions5),
functional severity of angina (Canadian
Cardiovascular Society classification18), present
medications, smoking status, hypertension,
plasma cholesterol, diabetes, and exercise ECG
results (coded as very positive, positive, inde-
terminate, or negative5). These data items were
then used to allocate each patient to a specific,
predefined clinical indication for angiography
based on the RAND lists.

ANGIOGRAPHIC DATA

Angiographic findings were obtained from the
free text angiogram report held in the case
notes and coded blind to the clinical details by
a trained coder. The severity of disease in each
of 27 coronary artery segments (as defined by
CASS (coronary artery surgery study)) was
coded from 1 (none) to 6 (occluded) and the
number of diseased vessels was calculated.19 20

To assess the reliability of this approach, two
cardiologists over-read a random subsample of
209 angiograms, blinded to clinical details.
The cardiologists showed good agreement
beyond chance with the trained coder, with
weighted ê of 0.64 and 0.63.21

DATA COMPLETENESS

Data were available from 4020 (98%) case
notes and 4076 (99%) angiogram reports. In
226 (6%) patients the indication for angio-
graphy was not found in the predefined indica-
tion lists (in the majority of cases this involved
angiography as part of a clinical trial or as
assessment preceding coronary artery bypass

Figure 1 Appropriateness of coronary revascularisation (ACRE) study design.

n = 2178 pre-defined indications

Appropriate

20%
38%

42%

33%

5%

Actual clinical practice and outcomes
1996–1999

Hypothetical indications for coronary
angiography rated by ACRE

expert panel in 1995

compared
with

62%

n = 3631 consecutive patients undergoing angiography
using 241 indications

Angiographic
findings

Mortality and
revascularisation
rate over 2.5 years
follow up

Uncertain
Inappropriate

Hypothetical ratings of coronary angiography appropriateness 673

www.heartjnl.com

http://heart.bmj.com


grafting (CABG) after a prolonged wait). In
264 patients the case note or angiographic data
were incomplete. Thus the final study popula-
tion comprised 3631 (88%) patients who satis-
fied a predefined indication, had complete
data, and were assigned an appropriateness
rating.

FOLLOW UP FOR REVASCULARISATION

First revascularisation procedures performed
after index coronary angiography were identi-
fied by cross checking electronic information
systems nationally (the National Health Serv-
ice (NHS)-wide clearing system) and at the
hospital against catheter laboratory and theatre
log books. There were 1693 revascularisations
(640 percutaneous transluminal coronary an-
gioplasties (PTCAs) and 1053 CABGs), 1396
in those with appropriateness ratings.

FOLLOW UP FOR MORTALITY

Patients were followed up for death over a
median (range) 30 (0–36) months. For the
analyses presented here, patients were cen-
sored at the date of revascularisation or at 14
April 1999, whichever was earlier. In total,
3606 (99%) patients were flagged (using their
NHS number as a unique identifier) for
mortality at the OYce for National Statistics
central registry and the date and cause of death
notified. There were 226 all cause deaths. The
underlying cause of death was defined as
coronary (International classification of diseases,
ninth revision (ICD-9) codes 410–414,
n = 119 deaths) or cardiovascular (ICD-9
codes 390–459, n = 47).

STATISTICAL ANALYSIS

Proportions were compared using the ÷2 statis-
tic. Cox proportional hazard models were used
to estimate hazard ratios and their 95% confi-
dence intervals (CIs) for comparing revascu-
larisation rates. Log rank p values were
obtained across the three appropriateness
categories. A multivariate score (from Duke22)
for determining the pretest probability of CAD
was estimated from published coeYcients23 for
age, sex, smoking, hypercholesterolaemia,
diabetes, previous myocardial infarction (Q
wave or not), and pain type (typical, atypical,
none). All analyses were performed in SAS v.6
(SAS Institute, Cary, North Carolina, USA).

Results
Patients in the ACRE cohort had a median
(range) age of 61 (21–89) years and 29% were
women (table 1). Twenty four per cent had
previously undergone coronary angiography.

Table 2 shows the clinical presentation for
which patients underwent coronary angio-
graphy. Clinical presentation was defined as
chronic stable angina (n = 1431, 39% of the
cohort), unstable angina (n = 568, 16%), acute
myocardial infarction (n = 216, 6%), postmyo-
cardial infarction (n = 167, 5%), post-
revascularisation (n = 529, 15%), asympto-
matic (n = 154, 4%), atypical chest pain

(n = 175, 5%) near sudden death or ventricu-
lar arrhythmia (n = 70, 2%), and miscellane-
ous (n = 321, 9%). Exercise ECG was per-
formed in 47% overall (table 1), although this
varied by clinical presentation: chronic stable
angina class I/II (70%), chronic stable angina
class III/IV (60%), unstable angina (30%),
acute myocardial infarction (14%), post-
myocardial infarction (39%), postrevasculari-
sation (44%), asymptomatic (84%), atypical
chest pain (75%), near sudden death (32%),
ventricular arrhythmia (54%), and miscellane-
ous (4%).

Figure 1 shows that of the 2178 indications
that were rated by the expert panel, only 241
(11.1%) were actually represented by the
patients; a subset of 43 indications described
75% of the patient sample.

Overall, 166 (5%) of coronary angiograms
were performed for indications rated inappro-
priate, 1212 (33%) uncertain, and 2253 (62%)
appropriate. The panellists rated 436 indica-
tions as inappropriate; but only 166 patients
(5%, represented by 39 indications) actually
underwent angiography for inappropriate indi-
cations. Two clinical presentations—
asymptomatic and atypical chest pain—
comprised 73% of these inappropriate
angiograms. The two most common uncertain
clinical indications for coronary angiography
(comprising 47% of the uncertain group) were
patients with mild angina and no exercise ECG
or patients with unstable angina controlled by
inpatient management.

Table 3 shows the graded association be-
tween appropriateness categories and the
number of diseased vessels at angiography.

Table 1 Demographic and clinical characteristics of
patients undergoing coronary angiography in the ACRE
(appropriateness of coronary revascularisation) study
(n=3631)

Characteristic %

Age (years)
< 49 16
50–59 29
60–69 37
> 70 18

Women 29
Coronary artery disease risk factors

Smoking (former/current ) 58/12
Hypertension 32
Plasma total cholesterol > 5.5 mmol/L 53
Family history 34
Diabetes 14
Body mass index > 27 kg/m2 49

Current medication
Aspirin 75
â blocker 43
Calcium antagonist 47
Nitrate 59

Previous investigation
Exercise ECG 48
Thallium scan 2
Coronary angiography 24

Previous revascularisation
PTCA or stenting 7
CABG 10

Time on waiting list for index coronary
angiogram (weeks)

< 4 32
5–12 28
13–24 19
> 25 21

CABG, coronary artery bypass graft; PTCA, percutaneous
transluminal coronary angioplasty.
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Patients who had had a previous revascularisa-
tion, and therefore were known to have CAD,
were excluded from this analysis. The pro-
portion of angiograms showing three vessel or
left main stem disease was highest in the
appropriate group (n = 458, 25%), intermedi-
ate in the uncertain category (n = 187, 18%),
and lowest in the inappropriate category
(n = 16, 11%) (p value for heterogeneity
< 0.001).

The ability of appropriateness categories to
predict the presence or absence of CAD was
compared with the Duke score and result of the
exercise ECG among 1317 patients with com-
plete covariates for each of the three measures.
The sensitivities were 779 of 967 (81%) for
appropriate compared with not appropriate
(uncertain and inappropriate), 831 of 967
(86%) for a Duke score in the top four
quintiles, and 755 of 967 (78%) for a positive
exercise ECG. The corresponding specificities
were 119 of 350 (34%), 149 of 350 (43%), and
145 of 350 (41%), respectively.

The rate of all cause mortality was strongly
related to the appropriateness of the angiogram
(fig 2). Mortality was highest among patients
undergoing angiography for appropriate indi-
cations, intermediate in the uncertain group,
and lowest in the inappropriate group (logrank
p = 0.018). The proportions of patients who
died were 151 of 2253 (6.7%), 67 of 1211
(5.5%), and 8 of 166 (4.8%), respectively. In
patients undergoing angiography for appropri-
ate compared with those undergoing angio-
graphy for inappropriate indications, the haz-
ard ratio for mortality was 1.75 (95% CI 0.9 to
3.6). These findings were consistent for coron-
ary mortality (1.53, 95% CI 0.6 to 3.8; logrank
p = 0.025), and cardiovascular mortality (2.08,
95% CI 0.8 to 5.1; logrank p = 0.0128).

The rate of revascularisation among those
with CAD was also strongly related to the
appropriateness of the angiogram. The revas-
cularisation rate was highest among patients
undergoing angiography for appropriate indi-
cations, intermediate in the uncertain group,
and lowest in the inappropriate group (logrank
p < 0.0001). The proportions of patients
undergoing revascularisation were 1035 of
1676 (62%), 451 of 822 (54%), and 39 of 95
(41%), respectively. In patients undergoing
angiography for appropriate compared with
those undergoing angiography for inappropri-
ate indications, the hazard ratio for revasculari-
sation was 1.76 (95% CI 1.3 to 2.5). Figures 3
(PTCA) and 4 (CABG) show that the
association of appropriateness category with
subsequent revascularisation was confined to
CABG. The hazard ratio for CABG in
appropriate compared with inappropriate indi-
cations was 2.21 (95% CI 1.4 to 3.4), logrank
p < 0.0001.

Discussion
In a cohort without exclusion criteria of over
3000 patients undergoing coronary angio-
graphy followed up for 2.5 years, the ACRE
ratings of appropriateness predicted the
number of diseased vessels, survival, and
subsequent revascularisation. Rates were high-
est in patients undergoing angiography for
appropriate indications, intermediate in those
with an uncertain indication, and lowest in the
inappropriate group. Although many previous

Table 3 Angiographic findings in numbers of patients by appropriateness (excluding
patients with previous revascularisation

Appropriateness category (n=3069)

p Value for
heterogeneityAll

Appropriate
(%)

Uncertain
(%)

Inappropriate
(%)

Normal 655 363 (20) 242 (23) 52 (33)
Minimal/moderate

disease 288 175 (8) 132 (11) 19 (11)
One vessel disease 866 517 (28) 302 (29) 47 (31)
Two vessel disease 599 369 (20) 208 (20) 22 (15)
Three vessel disease or

left main stem disease 661 458 (25) 187 (18) 16 (11) < 0.001

Figure 2 All cause mortality after angiography, by
appropriateness category.
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Figure 3 Percutaneous transluminal coronary angioplasty
(PTCA) after angiography, by appropriateness category.
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Figure 4 Coronary artery bypass grafting (CABG) after
angiography, by appropriateness category.
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expert panels have rated angiography appropri-
ateness, none has prospectively shown such
clinical validity. The applicability of this
method in routine practice is further enhanced
as the ACRE appropriateness ratings were
tested in a cohort of angiography patients
without exclusion criteria. For specific subsets
of clinical indications, evidence, technology,
and practice evolve rapidly and in these areas
the ratings require refinement. However, ex-
pert panels provide the only validated method
of systematically defining criteria for patients
undergoing angiography, in which potential
benefits are quantified.

Coronary angiography is performed to diag-
nose the presence and severity of CAD, to
identify high risk patients, and thereby to
determine the need for subsequent revasculari-
sation. To determine the clinical relevance and
validity of the appropriateness ratings, we
therefore tested each of these three outcomes.
Firstly, appropriateness ratings, if valid, should
predict the number of diseased vessels. The
hypothesis was confirmed: the three appropri-
ateness categories showed a graded relation
with the number of diseased vessels. Further-
more, the sensitivity and specificity of the
appropriateness category in predicting CAD
were as good as the exercise ECG or a
multivariate score (from Duke) of other
non-invasive predictors of CAD. Such relations
have not previously been shown, although a
small study showed that the presence of CAD
was more likely in appropriate patients.13

Secondly, an angiogram performed for an
appropriate indication should identify patients
with high risk of mortality. This was confirmed.
Since CABG may oVer prognostic benefit in
specific patient subgroups we censored the
mortality follow up before revascularisation.
We have previously reported how the expert
panel ratings of coronary revascularisation
appropriateness identified substantial under-
use of these procedures; such underuse was
associated with adverse clinical outcomes.16

The third test of clinical relevance was that
appropriateness ratings should be associated
with subsequent revascularisation rate, inde-
pendent of any associations with the presence
of CAD. As hypothesised, a graded association
among the three appropriateness categories
and revascularisation rate was seen among
patients with CAD, with the lowest rate among
those with inappropriate indications. This
eVect was striking for CABG, reflecting the
association between the appropriateness of
angiography and triple vessel and left main
stem disease. These results are also consistent
with the importance of anginal severity on
maximal medication in determining the ACRE
panel’s ratings of appropriateness for angio-
graphy17 and in turn the importance of
symptom severity in judging the need for
revascularisation.

However, if the expert panel method defines
indications for angiography in three clinically
meaningful groups, the ratings require ongoing
refinement to keep abreast of changes in
evidence, technology, clinical practice, and
patient expectation. Although results are based

on small numbers, 11% of the inappropriate
group did have triple vessel or left main stem
disease and 22% of all patients undergoing
angiography for inappropriate indications who
had CAD were subsequently revascularised.
These findings emphasise the importance of
improving the rating process. It is an inherent
feature of a prospective study with up to three
years’ follow up that some ratings do not
remain current. The approach used in the
ACRE study is well suited to making such
refinements since it is able to quantify the fre-
quency of specific clinical indications. For
example, the trial evidence for primary angio-
plasty published after the expert panel met is
likely to lead to more appropriate ratings for
angiography in acute myocardial infarction.
However, among all patients undergoing
angiography this remains a much less common
indication for angiography than chronic stable
angina, where the evidence has changed less
dramatically.

One third of the ACRE patients underwent
angiography for indications rated as
uncertain—that is, benefits and harms of
angiography were balanced or there was insuf-
ficient evidence for the panel to judge either
way. This uncertain group has been criticised
by others, partly because clinical decision mak-
ing is binary—a procedure is either done or not
done. However, our data suggest that the
judgement of “uncertain” does contribute pre-
dictive information: angiographic findings,
mortality, and revascularisation rates were all
intermediate between patients undergoing
angiography for inappropriate and appropriate
indications. The uncertain category may pro-
vide a systematic identification of areas for
future research.

Appropriateness ratings may be used to
determine overuse and underuse.16 Coronary
angiography performed for indications rated as
inappropriate may represent overuse and was
found in 5% of patients. Coronary angiography
carries a small but finite risk of major
complication24 and is a costly procedure.
Asymptomatic or atypical chest pain presenta-
tions accounted for over 70% of the inappro-
priate angiograms. Within these presentations,
the specific indications that were rated as inap-
propriate showed close agreement with the lat-
est recommendations in the American Heart
Association/American College of Cardiology
angiography guidelines.3 Three questions arise.
Firstly, does the indication itself adequately
define the patient or do new indications need to
be formulated? For example, angiography may
be indicated to reveal normal coronary arteries
in patients frequently attending with atypical
chest pain and a low pretest probability of
CAD,25 26 yet the existing indication lists do not
stipulate such indications. Secondly, does the
rating of appropriateness reflect current evi-
dence? Thirdly, if the indication adequately
defines the patient and the rating remains evi-
dence based, what changes in practice are
required to prevent such inappropriate use in
the future? It should not, however, be assumed
that eradicating inappropriate use is desirable
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because it may be achieved at the cost of unac-
ceptably high thresholds for investigation.

The ACRE findings do not suggest that there
is significant overuse of angiography. However,
a further test of their clinical validity is
warranted in which the ratings are used to
investigate underuse. US studies show higher
proportions of underuse than of overuse.27

Future studies should use angiography appro-
priateness ratings in patients recruited at the
time of first presentation and test the extent to
which angiography was performed in patients
with appropriate indications. The ACRE find-
ings in relation to revascularisation strongly
support assessing underuse with appropriate-
ness ratings.16

There are no European guidelines on coron-
ary angiography. The UK’s National service
framework for coronary heart disease28 has set a
standard that “people with symptoms of angina
should receive appropriate investigation”. The
ACRE cohort, recruited during the stenting
era, is likely to be reasonably representative of
UK practice because of its large geographically
defined sample selected without exclusion cri-
teria. Furthermore, expert panels show good
agreement with practising physicians.29 Thus
the ACRE ratings of appropriateness form a
basis for articulating such government policy in
order that primary and secondary care doctors,
as well as cardiologists, meet the new national
standards.

The unacceptably long waiting times for cor-
onary angiography raise the question of the
clinical ordering of the angiography queue in the
NHS. However, simple relations between appro-
priateness and urgency should not be assumed.30

Appropriateness categories were related to wait-
ing time but it was patients undergoing angio-
graphy for appropriate indications who had the
longest wait (median time to angiography 91
days), compared with 58 days for inappropriate
and 50 days for uncertain indications (logrank
p = 0.02). Furthermore, the relation between
waiting times was much stronger with a priori
urgency scores than with appropriateness cat-
egories in the ACRE cohort.31

Potential limitations of the ACRE study
should be considered. Firstly, like other studies
of appropriateness, the ACRE study relied on
clinical record data to infer why coronary angio-
graphy was performed. However, it has been
shown that the written clinical records show
excellent agreement with the performing physi-
cian when interviewed.32 Secondly, since the
panel members rating appropriateness were
recruited from the same institution as the cohort
of patients, the study itself may have influenced
practice. However, such a Hawthorne eVect33 is
unlikely because there was no relation between
the proportion of appropriate patients and time
since the expert panel met; over 80% of
angiography procedures were performed by car-
diologists who were not members of the expert
panel and excluding panellists’ procedures from
the analysis made no diVerence to the results.

Patients undergoing angiography for appro-
priate indications had most CAD and the
highest subsequent revascularisation and mor-
tality rates, showing the prospective validity of

the expert panel ratings. As the rate of
angiography continues to increase, the use of
such explicit criteria to improve the quality of
care should be encouraged.
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IMAGES IN CARDIOLOGY

ECG abnormalities of endocrine origin

and hypertension on exercise. An ECG, an
echocardiogram, and an exercise stress test up
to 200 W were normal. Recently, the parox-
ysms had tended to increase in frequency.
Because of hypertension, the patient was
started on carvedilol which reduced the
frequency and severity of the crisis. Clinical
examination was normal. An ECG (top)
showed pronounced diVuse T wave inversions.
A 24 hour urinary collection for catecholamine
measurements showed the following results :
adrenaline (epinephrine) 35.2 µg/day (normal
(NL) 1.7–22.4); noradrenaline (norepine-
phrine) 880 µg/day (NL 12.1–85.5); metane-
phrine 346 µg/day (NL 52–354); normetane-
phrine 2869 µg/day (NL 88–444); and
vanillylmandelic acid 12.3 mg/day (NL 1.2–
6.5). A diagnosis of pheochromocytoma secret-
ing predominantly noradrenaline was made
and confirmed by the finding of a 3 cm tumour
on the right adrenal gland upon abdominal
computed tomographic scan. [131I] metaiodo-
benzylguanidine (MIBG) scintigraphy was,
however, negative possibly because of
carvedilol intake. Carvedilol was discontinued
and replaced by the pure á blocker phenoxy-
benzamine, and all symptoms subsequently
resolved. A further ECG (bottom) performed
after two weeks was normal. The patient was
operated on and a 3 cm pheochromocytoma
was removed successfully by laparoscopy. After
the operation the ECG remained normal.

This case illustrates the electrocardiographic
pattern encountered in a patient with pheo-
chromocytoma. The abnormalities corre-
sponding to a specific catecholamine induced
myocarditis and/or to cardiomyopathy revert to
normal after pharmacological blockade or
tumour removal.

JULIAN E DONCKIER
ETIENNE DELGRANGE

LUC MICHEL
julian.donckier@mint.ucl.ac.be

I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

A 41 year old man presented with an eight year
history of paroxysmal attacks of chest pain,
palpitations, excessive sweating, nausea, head-
ache, and pallor. Six years previously he had
undergone investigations for atypical chest pain
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